We present the case of a 75-year-old man with a rapidly progressive cervical myelopathy on a background of a 3-year history of neck pain and a severely degenerative cervical spine. The patient developed progressive myelopathy over a six-month period and suffered from worsening kyphosis. Suspicion of an underlying oncological process prompted transfer to our tertiary referral unit. Biopsy was consistent for Paget's disease, an extremely rare diagnosis of the cervical spine. Magnetic resonance imaging revealed cord compression between C4 and C6 with associated cord signal change indicative of myelopathy. A three-level corpectomy and posterior instrumented fusion was performed. There was significant blood loss (3.5l) intraoperatively, consistent with a diagnosis of Paget's disease of the bone. Cell salvage was used, as was neuromonitoring for both the anterior and posterior part of the procedure. Postoperatively, neurological function improved slightly and the patient required community neurorehabilitation to allow independent living. 
A 75-year-old retired minister was referred with progressive cervical myelopathy but otherwise fit and well. He had initially presented three years earlier with neck pain to another healthcare facility; Figure 1 demonstrates flexion and extension from that time. The preliminary diagnosis was severe degenerative disease. There was no neurological deficit and the plan was to monitor biannually. Radiography remained relatively stable but two years later, the patient presented again with worsening pain, and mild weakness in his arms and legs. Over the following six months, he suffered further neurological deterioration with loss of antigravity power in his right arm and increasing difficulty in walking. This prompted referral to our tertiary unit with the concern that there could be an underlying primary bone tumour or chronic infection.
On initial assessment, tone was reduced with Medical Research Council (MRC) grades of muscle power assessed as 4/5 in C5-C6 and 3/5 in C7-T1 in the left arm. In the right arm, MRC power grades were 4/5 in C5-C6 and 3/5 in C7-T1. The left leg had 4/5 power across all myotomes (L2-S1). In the right leg, L2, L3 and S1 demonstrated 4/5 power while L4 and L5 were weaker with 3/5 power. There were absent biceps, triceps and supinator reflexes bilaterally. The fluidity of the gait was poor with a broad base. Lower limb reflexes were brisk throughout and the plantar reflex took the form of an upward response. The patient was deemed to be Ranawat grade 3A and Nurick grade 4.
Preoperative alkaline phosphatase (ALP) was measured at 151iu/l (normal range 30-130iu/l). ALP can be used as an indicator of osteoblastic activity. However, 15-86% of patients with Paget's disease can have normal ALP levels.
1,2 Both bone specific ALP and serum procollagen type 1 N-terminal peptide are more specific measures of bone activity, and may be of value although their availability in routine clinical practice can be limited and they can be excessively costly.
3,4

Diagnostic imaging
Preoperative workup consisted of review of the patient's historical plain cervical radiography with both anteroposterior and lateral views of the cervical spine taken in 2014 (Fig 1) . This demonstrated progression of his cervical deformity over the previous two years. Computed tomography (CT) and magnetic resonance imaging (MRI) were requested to further assess the lesion. Following multidisciplinary team (MDT) review, Paget's disease of the cervical spine was confirmed. Combined CT and MRI analysis usually provides the diagnosis of spinal Paget's disease although isotope bone scanning is traditionally used to aid diagnosis and demonstrate the extent of the disease. 5, 6 Preoperative high resolution CT was performed to define the bony anatomy for surgical planning (Fig 2) . This clearly illustrated the degree of bony canal compromise and deformity. It also showed the heterogeneous bone architecture of both anterior and posterior elements, which is typical of Paget's disease and fusion of the facet joints. MRI demonstrated complete effacement of the cerebrospinal fluid, cord compression at C4-C6 and a corresponding high cord signal in T2 weighted images (Fig 3) .
Rationale for treatment
Following MDT review, surgical intervention was recommended to decompress the cervical cord and prevent further neurological deterioration. A C4-C6 corpectomy with iliac crest bone graft supported with a plate alongside C2/ C3 to C7/T1/T2 posterior cervical instrumented fusion and C4-C6 cervical laminectomy was planned. There are reports that Paget's disease can be transferred with bone autograft. 7 However, the cervical spine was the only area identified as having the disease, and it was therefore felt that the potential for improved bony integration and fusion achieved with structural autograft was warranted. 8, 9 The opinion of the consultant body was that this procedure would provide adequate decompression and sufficient stability to the cervical spine. It was thought that either an anterior or posterior only approach would not provide sufficient stability in a middle aged, medically fit person. In addition, the value of preserving motion at C0-C2 was felt to outweigh the additional fixation points by extending the fusion more cranially although it was included as part of the surgical strategy should the bone quality be found to be poor intraoperatively. Given that the majority of the compressive pathology was located in the anterior elements along with the extent of kyphosis, a decision was made to employ anterior decompression, insertion of structural autograft and instrumentation prior to performing the posterior instrumented fusion and laminectomy.
Procedure
The MDT plan was for a C4-C6 corpectomy with iliac crest bone autograft supported with a plate alongside C2/ C3 to C7/T1/T2 posterior cervical instrumented fusion and C4-C6 cervical laminectomy. Owing to the degree of the deformity and the potential for cord injury, neuromonitoring was utilised. The role of cord monitoring in routine cervical surgery is controversial. 10 Nevertheless, in a myelopathic patient with cervical stenosis, deformity and anticipated severe intraoperative blood loss that may potentially cause cord ischaemia, it was felt this was justifiable. This is in keeping with recommendations on the use of intraoperative neuromonitoring where the spinal cord or nerve roots are deemed at risk, including procedures involving deformity correction and placement of instrumentation. Prior bisphosphonate use can reduce pagetic disease activity before surgery and can potentially help reduce operative blood loss. 12 However, given the deteriorating neurology, it was felt surgery could not be delayed. There was significant haemorrhage (3.5l) from the three-level corpectomy. Bleeding was anticipated and cell salvage was used with blood product available if required. The bone bed was the main source of haemorrhage and this was difficult to control. Diathermy and haemostatic agents were used to help control the bleeding, including Floseal ® haemostatic matrix (Baxter, Hayward, CA, US) and Surgicel ® (Ethicon, Somerville, NJ, US). Samples of the vertebral body were sent for histology (Fig 4) to confirm the tissue diagnosis and microbiology to rule out an infective cause. On completion of the corpectomy and when haemostasis was achieved, iliac crest autograft was inserted and anterior fixation performed. Following this, the patient was turned prone, and posterior instrumented fusion and laminectomy was completed. There was no concern regarding screw hold in the pagetic bone and on balance, it was felt C0-C2 instrumentation could be safely avoided. Neuromonitoring had been satisfactory at all stages of the procedure. Two suction drains were inserted (one anterior and one posterior) and were removed after the first operative day as output was minimal with each being less than 20ml in 24 hours. As per local policy, intravenous flucloxacillin (2g) and gentamicin (5mg/kg) were given at induction with two further postoperative doses of flucloxacillin.
The combined anterior and posterior procedure took a total of 11.5 hours to complete, and this was largely because of the significant blood loss and blood in the operative field slowing the procedure. The patient was transferred to the recovery room in a stable condition with continued resuscitation with his own blood product. Early postoperative radiography demonstrated satisfactory alignment of the autograft and metalwork as well as improved sagittal alignment. Histology reports were all in keeping with the diagnosis of Paget's disease and all microbiology results were negative.
Outcome and follow-up
Postoperatively, the patient's neurology improved slightly, with power in his upper limbs graded as 4/5 throughout. Clumsiness in his upper limbs was still present but improving. His gait remained ataxic with continued poor mobility. Sphincter control remained normal. His biochemical parameters improved; ALP levels normalised without the need for bisphosphonate therapy. He was transferred for inpatient community neurorehabilitation in the hope that he would have enough rehabilitation potential to return to independent living, which has indeed subsequently been achieved. Over the preceding six months, he demonstrated continued improvement in manual dexterity and mobility.
At the 12-month follow-up visit, the patient was able to walk half a mile without walking aids and to drive independently. After review by a metabolic bone specialist, he was commenced on zoledronic acid and vitamin D. Importantly, he was aware that this procedure was primarily aimed at preventing neurological deterioration and was pleased with the modest improvement in his neurological state.
Weight bearing x-rays of the cervical spine at 6 and 12 months following the operation demonstrated ongoing bony fusion with no signs of loosening of the metalwork and maintained improved sagittal alignment (Fig 5) . At 12 months, the patient continues to be making satisfactory progress without complication.
Discussion
Paget's disease is the second most common metabolic bone disease after osteoporosis, affecting approximately 2-4% of the population over 55 years of age. 13 The prevalence increases with age up to 10% for those aged over 90 years. 14 It is more frequent in the Western world, indicating the role that genetic and environmental factors play in its development. 13, 14 Paget's disease was first described in 1877, and is characterised by increased osteoblastic and osteoclastic activity. 15 It can present with either single or multiple bone involvement. 16 After the pelvis, the spine is the most frequently affected region, with cervical Paget's disease being rare and the least frequently affected spinal region. 17 A review of 101 cases of spinal Paget's disease by Pestka et al found only 8 patients with cervical spine involvement and half of these involved the axis (C2). 18 It is not known why there is a predilection for the axis in the cervical spine although biophysical factors, bone density and vascular supply have all been postulated as reasons.
18,19
Paget's disease of the bone has three main phases. In the initial lytic phase, osteoclasts predominate and remove bone. This is followed by a mixed phase where osteoclasts and osteoblasts are active in removing and depositing bone respectively. The final stage is the osteoblastic phase, with a predominance of osteoblasts depositing new bone. 14, 20, 21 This pattern of phasic cellular activity in Paget's disease gives rise to a characteristic pattern of pathological bone in the spine: 14, 17 1. Osteoblastic appositional growth within the periosteal layers and an unchanged endosteal surface 2. Appositional growth in the periosteal layer and resorption of the endosteal surface 3. Both appositional growth in the periosteal layer and endosteal surface 4. Focal periosteal apposition giving rise to a 'pumice stone' appearance
The accelerated bone formation following osteoclastic resorption leads to new bone composed of mixed lamellar and woven bone that is structurally inferior, predisposing to fracture and deformity. 14, 16 The bony expansion can be associated with facet joint enlargement, ligament ossification and spondylolisthesis that can cause nerve compromise or myelopathy. The increased blood flow associated with higher local metabolic activity can lead to neurological compromise as a result of arterial steal syndrome, where blood is diverted to the affected area, leading to relative spinal ischaemia. 17 Additionally, the increased vascularity results in a significantly increased risk of intraoperative bleeding. In Paget's disease of the bone, there is risk of malignant transformation to osteosarcoma in less than 1% of cases. 16 In the spine, this is even more infrequent although when this does occur, it can lead to architectural destruction, instability and neurological compromise.
22,23
Conclusions
Paget's disease is a common metabolic bone disease to affect the axial skeleton but it rarely affects the cervical spine, with only a limited number of cases described in the literature. In its early stages, it can be misdiagnosed as simply degenerative disease. However, without prompt treatment, the disease leads to accelerated changes in bone. We recommend early referral to a spinal unit experienced in complex cervical spinal surgery.
In addition, consideration should be given to the use of preoperative embolisation. While there are no published studies supporting the use of embolisation in Paget's disease, there is a recognised association with increased vascularity and blood loss, which would certainly reflect our experience in this case. The use of transarterial embolisation in the management of highly vascular bone tumours is well reported with positive 
